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ABSTRACT 1 
Purpose. To determine if Langerhans cells in the lid wiper are upregulated in contact lens-induced 2 
dry eye (CLIDE). 3 
Methods. The lid wiper of one eye of 17 participants with CLIDE (assessed using the CLDEQ-8) 4 
and 29 without CLIDE (NO-CLIDE) was examined using a Heidelberg laser scanning confocal 5 
microscope following six months wear of daily disposable hydrogel contact lenses (Biomedics® 1 6 
day Extra).  Twenty non-contact lens-wearing controls were also examined. Langerhans cell density 7 
(LCD) in each participant was taken as the mean cell count calculated manually from 6 clear, 8 
randomly-selected images of known dimensions. 9 
Results. There were significant overall differences in LCD in the lid wiper among the three groups 10 
(p < 0.001). LCD was significantly greater in the lid wiper in CLIDE (17 ± 10 cells/mm2) compared 11 
to controls (8 ± 4 cells/mm2) (p < 0.001); however, there was no difference in LCD between NO-12 
CLIDE (10 ± 5 cells/mm2) and controls (p = 0.489). LCD was significantly greater in CLIDE than 13 
NO-CLIDE (p = 0.002). 14 
Conclusions. Langerhans cells in the lid wiper are upregulated in CLIDE, suggesting an 15 
inflammatory component in the etiology of this condition. 16 
 17 
Key Words: contact lens; conjunctiva; dry eye; inflammation; Langerhans cells; lid wiper  18 
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Discomfort associated with contact lens wear is an intractable problem, affecting between 28 and 1 
50% of contact lens wearers, according to population-based studies.1  It is a primary reason for 2 
dissatisfaction with, and discontinuation from, lens wear.  Various descriptors are used by contact 3 
lens wearers to describe symptoms of discomfort, but the overwhelming majority categorize this 4 
discomfort as ‘dryness’.1 5 
 6 
The cause of contact lens induced dry eye (CLIDE) is not well understood and is likely to be 7 
multifactorial.  Factors such as eyelid and ocular surface anatomy, blinking characteristics, systemic 8 
factors, hormonal influences, lens-induced changes to the tear film and ocular surface, lens design, 9 
lens material, lens surface characteristics such as wettability and lubricity, environmental factors, 10 
and pre-existing ocular pathology such as dry eye are all thought to potentially contribute to 11 
CLIDE.2 12 
 13 
Of all the above factors, considerable attention has been directed towards lens-induced eyelid 14 
pathology as a primary cause of CLIDE – especially a condition referred to as lid wiper 15 
epitheliopathy.  The lid wiper has been described by Korb et al3 as a localized portion of the 16 
marginal conjunctiva of the upper eyelid that has a rubbing effect on the ocular surface during 17 
blinking. This wiping effect is believed to be essential for spreading the tear film over the ocular 18 
surface or the surface of a contact lens. Korb et al4,5 postulated that when the pre-corneal tear film is 19 
thinned or becomes unstable, or a contact lens surface does not provide a stable or wettable tear 20 
film, there might be a more mechanical or frictional effect on the lid wiper as the lid travels across 21 
the ocular or lens surface during blinking. As a result of insufficient boundary lubrication, the lid 22 
wiper is traumatized and develops into lid wiper epitheliopathy that can be viewed clinically when 23 
the epithelium of the marginal conjunctiva is stained with fluorescein and rose bengal.3,6 24 
 25 
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Korb et al5 went on to propose that lid wiper epitheliopathy represents friction-induced microtrauma 26 
to the lid wiper epithelium, which in turn initiates a classic inflammatory cascade as seen in dermal 27 
tissue.  One way of testing this hypothesis is to examine the lid wiper in lens wearers with dry eye 28 
symptoms for evidence of activation of inflammatory cells. This is possible with a laser scanning 29 
confocal microscope (LSCM) – an ophthalmic instrument that is capable of examining anterior 30 
tissue structures in the undisturbed living human eye at up to 500X magnification.7 31 
 32 
The LSCM has found considerable utility in assessing the response of the anterior ocular structures 33 
to contact lens wear at a cellular level.8 Various studies have used this instrument to quantify the 34 
number of inflammatory cells – which are presumed to be Langerhans cells – in the cornea9-11 and 35 
conjunctiva12 in response to contact lens wear.  Furthermore, Knop et al13 have identified the 36 
presence of bright spots in the lid wiper which they presumed to be some form of inflammatory 37 
cell, possibly leukocytes.  These observations provided the impetus to conduct the present study, the 38 
aim of which was to use LSCM to test the hypothesis of Korb et al5 that contact lens-induced 39 
microtrauma of the lid wiper causes inflammatory cell activation in CLIDE.      40 
 41 
METHODS 42 
General Conduct of the Study 43 
Ametropic participants who were willing to wear contact lenses for six months were enrolled and 44 
stratified into those with CLIDE and those without CLIDE (NO-CLIDE).  A control group of non-45 
contact lens wearers was also enrolled.  At the end of six months contact lens wear, Langerhans cell 46 
density (LCD) in the lid wiper was determined in all participants (including controls) using a 47 
LSCM. 48 
 49 
Sample size calculation (G*Power 3.1) to detect a difference of 10 cells/mm2 at a significance level 50 
of p ≤ 0.05, assuming a measurement standard deviation of ±8 cells/mm2, revealed that a minimum 51 
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of 12 participants per group were required in order to be able to reject, with 80% power, the null 52 
hypothesis that the population group means are equal.  Allowing for participant drop-out over the 6 53 
months time-span of the study, the minimum number of participant recruited per subgroup was set 54 
at 25. 55 
 56 
Ethics approval for this study was obtained from the Queensland University of Technology Human 57 
Research Ethics Committee (Approval number 1300000117). The study was conducted in 58 
accordance with the principles of the Declaration of Helsinki. 59 
 60 
Participants 61 
Potential participants were recruited from the staff and student population of the Queensland 62 
University of Technology, Brisbane, Australia.  Inclusion criteria were as follows: good general 63 
health (self-reported); no history of contact lens wear for six months prior to the first examination 64 
day; age ranging from 18 to 50 years; and willingness to be fitted with, and if suitable to wear, daily 65 
disposable lenses on a regular basis for 6 months.  66 
 67 
The following exclusion criteria were applied: recent history of ocular inflammation; history of 68 
ocular trauma or surgery; currently using ocular medication with the exception of non-preservative 69 
artificial tear supplements; systemic disease that may affect the cornea or conjunctiva; 70 
hypertension; diabetes; dry eye; and pregnancy or breastfeeding.  Those enrolled who were found to 71 
have dry aye at the baseline examination were also excluded (see below). 72 
 73 
Additional exclusion criteria for the contact lens wearing group were as follows: astigmatism of 74 
more than 1.50 D; myopia more than -7.00 D; hyperopia more than +2.00 D.  75 
 76 
    
 4 
Participants entered into the study who were interested in wearing contact lenses were fitted with 77 
daily disposable lenses (details below) and given instructions in their use.  After one week of lens 78 
wear, participants were stratified into CLIDE and NO-CLIDE (see below).  Recruitment continued 79 
until there were at least 25 participants in each group.  Twenty five non-contact lens wearing 80 
control participants were also recruited. 81 
 82 
As part of a series of concurrent studies, participants were examined using a variety of dry eye 83 
examination techniques (detailed below), as well as LSCM of the cornea and bulbar conjunctiva, 84 
and conjunctival impression cytology, at baseline, and after one, four and 24 weeks. The lid wiper 85 
was examined using LSCM only at the 24 week visit.  All examinations were performed in the 86 
morning between 7:00 am to 12:00 noon to avoid any potential confounding influence of diurnal 87 
variation. Only data relating to dry eye and lid wiper assessment are reported here. 88 
 89 
Dry Eye Assessment 90 
Dry Eye Questionnaire-5 (DEQ-5) 91 
This is a self-administrated questionnaire consisting of five questions about eye symptoms 92 
including: frequency; intensity in the morning and late in the day, and degree of bother.14 A Likert-93 
type scale is used, ranging from ‘I don’t have dry eye’ (score of 0)  to ‘extremely severe’ (5). A 94 
score of > 6 (out of 22) indicates dry eye.  95 
 96 
Contact Lens Dry Eye Questionnaire-8 (CLDEQ-8) 97 
The Contact Lens Dry Eye Questionnaire-8 was developed specifically to assess dry eye symptoms 98 
associated with contact lens wear.15 This questionnaire consists of eight questions, and contact lens 99 
associated dry eye is indicated by a score of > 17 (out of 37).  100 
 101 
 102 
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Non-Invasive Tear Break-Up Time (NITBUT) Test  103 
This is a non-invasive measure of the capacity of the tear film to remain intact on the surface of a 104 
contact lens.16 The right and left eyes were assessed and the average of the three readings per eye 105 
was taken as the mean value. The participant was positioned behind a keratometer and asked to 106 
blink once and then refrain from blinking. The times elapsed until first sign of any distortion of the 107 
image of the keratometer mires (the non-invasive break-up time, NITBUT) was recorded using an 108 
electronic timing device. A reading of less than 9 seconds was considered as indicating dry eye.17  109 
 110 
Phenol Red Thread Test (PRTT) 111 
This is a measure of the volume of tears in the lower cul de sac, based on the Hamano cotton test.18 112 
One end of a yellow cotton thread impregnated with phenol red (Pcot-test, Tianjin Jingming New 113 
Technology Development Ltd., Tianjin Hi-Tech Industrial Park, China) is draped over the temporal 114 
aspect of the lower eyelid and into the lower conjunctival sac for 20 seconds. The greater the length 115 
of the thread that becomes wet with tears – indicated by that portion of the thread turning red in 116 
color – the greater is the tear volume.  A wet length of 10 mm or less was considered to indicate dry 117 
eye.  118 
 119 
Corneal Fluorescein Staining (CFS) 120 
A drop of saline was instilled on a fluorescein-impregnated strip which was then touched gently on 121 
the lower bulbar conjunctiva. The cobalt blue light on the slit-lamp biomicroscope and yellow 122 
observation filter were used to evaluate the extent of corneal staining with reference to the validated 123 
Efron Grading Scale.19 The extent of staining was graded from 0 (normal) to 4 (severe staining) in 124 
0.1 increments. A grade of staining of 2 or more was considered as being abnormal.19  125 
 126 
 127 
 128 
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Diagnosis of Contact Lens Induced Dry Eye (CLIDE) 129 
The following tests were conducted as part of the baseline examination protocol on all those 130 
recruited for potential participation in the study: DEQ-5, NITBUT, PRTT and CFS. In accordance 131 
with the recommendation of various authors20,21 that a combined battery of subjective and objective 132 
tests should be used to diagnose dry eye, we adopted the criteria that participant who passed DEQ-133 
5, and at least one of the objective dry eye tests (NITBUT, PRTT or CFS), were considered eligible 134 
for inclusion in the study.  135 
 136 
One week after the baseline examination, CLDEQ-8 was used to assess those in the contact lens-137 
wearing group, to facilitate stratification into CLIDE and NO-CLIDE subgroups. The objective dry 138 
eye tests (NITBUT, PRTT or CFS) were repeated twenty-four weeks from the baseline 139 
examination.  140 
 141 
Laser Scanning Confocal Microscopy 142 
Images of Langerhans cells were captured using a Heidelberg LSCM (HRT3) in combination with a 143 
Rostock Corneal Module (Heidelberg Engineering GmbH, Heidelberg, Germany). A new 144 
disposable Perspex applanating cap (TomocapTM) was used for each participant. Before fitting the 145 
Tomocap to the Rostock Corneal Module, it was filled with a GenTeal Gel (Novartis 146 
Pharmaceuticals Australia Pty Limited, North Ryde, NSW, Australia). The gel facilitates an optical 147 
coupling of the Rostock Corneal Module objective lens with the back surface of the Tomocap. An 148 
anesthetic drop (0.4% oxybuprocaine hydrochloride; Chauvin Pharmaceuticals Ltd, UK) was 149 
instilled prior to examination.  150 
 151 
Participants presented to the laboratory wearing their contact lenses and the following procedure 152 
was undertaken within 5 min of lens removal.  With the head securely positioned in the chin and 153 
brow rest, the upper eyelid of the preferred eye of the participant was everted with the aid of a 154 
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cotton bud. Care was taken not to touch the lid wiper with the fingers. In some participants it was 155 
necessary to gently press the eye lashes of the everted lid against the brow to keep the lid everted. 156 
The face of the Tomocap was brought into gentle contact with the central region of the lid wiper. 157 
When capturing the images, the participant was advised to gaze downwards.  158 
 159 
Accurate positioning of the Tomocap on the lid wiper was facilitated by a side-mounted CCD 160 
camera that transfers a magnified and real-time image onto a computer display screen (Figure 1). 161 
This was easily accomplished since, with the lid everted, the lid wiper sits proud of adjacent tissues, 162 
as shown in Figure 1. The Tomocap was moved slightly in a vertical and a horizontal movement, 163 
while the LSCM was focused posterior to the epithelium, which is the known location of 164 
Langerhans cells. 165 
 166 
Image Analysis 167 
Approximately 100 digital images were captured during each examination. Pilot studies revealed 168 
that the analysis of six images provided an acceptable balance between acceptable accuracy (SD ≈ 6 169 
cells/mm2) and logistic feasibility. Six randomly-selected, high-quality, non-overlapping images 170 
were analyzed. The number of Langerhans cells was counted using the in-built counting tool of the 171 
Heidelberg instrument and data were expressed as Langerhans cell density (LCD), which is the 172 
mean of the number of cells per square millimeter from the six images. The ‘L-Method’ was used to 173 
select which cells were included in the count, whereby those cells partially cut off at the superior 174 
and right hand borders of the field were included in the count. The operator undertaking image 175 
selection and analysis was masked with respect to the assigned group of participants.   176 
 177 
Contact Lenses 178 
All participants in the contact lens groups were fitted with ‘Biomedics® 1 day Extra’ daily 179 
disposable soft contact lenses (CooperVision, Pleasanton CA). These lenses are made from the 180 
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hydrogel material ‘oculficlon D’. These lenses had the following parameters and characteristics: 181 
water content 55%, diameter 14.2mm, base curve 8.6 or 8.8mm, center thickness (at -3.00D) 182 
0.07mm, power range -10.00D to +6.00D, oxygen permeability (Dk) 19 x 10-11 cm2 mlO2/s ml 183 
mmHg, oxygen transmissibility (Dk/t; at -3.00D) 27 x 10-9 cm mlO2/s ml mmHg, and light blue 184 
handling tint. Lens power was determined by the subjective refraction and any necessary vertex 185 
correction was applied. Participants were trained in the use of daily disposable contact lenses by 186 
YA or LHC and were provided with a leaflet and video recording of contact lens insertion, removal, 187 
and care.  188 
  189 
Statistical Approach 190 
Normality of data relating to each of the measured parameters was examined using the Shapiro-191 
Wilk test and the most appropriate test was applied for each analysis.  192 
 193 
To compare the demographic and clinical characteristics between group pairs, parametric data were 194 
analyzed using an independent sample t-test and nonparametric data were analyzed using an X² test 195 
and Mann-Whitney U test.  196 
 197 
Analysis of variance (ANOVA) was used to determine the overall effect of group category on LCD. 198 
Post-hoc testing (with Tukey HSD) was applied to determine the significance of differences 199 
between individual groups. Data were analyzed using IBM SPSS Statistics for Windows, Version 200 
21.0 (IBM Corp., Armonk NY).  A p-value of less than 0.05 was considered to be statistically 201 
significant. 202 
 203 
All data are shown as mean ± standard deviation. 204 
 205 
 206 
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RESULTS 207 
A flow diagram showing the number of participants recruited and enrolled into the study, 208 
discontinuing from the study (and the reasons for this), and finally examined, is presented in Figure 209 
2. After screening 110 potential study participants, 92 were enrolled into the study. Of these, 60 210 
were found to be suitable for contact lens wear. When signs and symptoms of CLIDE were assessed 211 
at the 1-week time point, the group assignment comprised 23 controls, 35 NO-CLIDE and 25 212 
CLIDE. Seventeen participants (3 controls, 6 NO-CLIDE and 8 CLIDE) dropped out of the study 213 
over the course of the study, leaving 20 controls, 29 NO-CLIDE and 17 CLIDE who were subjected 214 
to lid wiper examination. 215 
 216 
Demographic and clinical data of the three study groups that were subjected to lid wiper 217 
examination are shown in Table 1. The groups were age-matched but were not effectively gender 218 
balanced, with a significantly higher proportion of males among controls versus CLIDE (p = 0.001) 219 
and NO-CLIDE (p < 0.001).  The significantly higher mean CLDEQ-8 (p < 0.001) and PRTT (p = 220 
0.003) scores for CLIDE vs NO-CLIDE confirm the dry eye status of the former group during lens 221 
wear. 222 
 223 
The mean lens powers fitted participants were: R -1.75 ± 1.99D, L -1.64 ± 1.80D for CLIDE and R 224 
-1.70 ± 1.95D, L -1.63 ± 1.79D for NO-CLIDE. 225 
 226 
Both immature and mature Langerhans cell phenotypes were observed at a depth approximately 20 227 
to 150 µm from the epithelial surface (Figure 3). Figure 4 shows the distribution of LCD among 228 
participants in each of the three groups. The mean LCD of the three groups was: CLIDE 17 ± 10 229 
cells/mm2; NO-CLIDE 10 ± 5 cells/mm2, and controls 8 ± 4 cells/mm2.  There were significant 230 
overall differences in LCD in the lid wiper among the three groups (p < 0.001). LCD was 231 
significantly greater in the lid wiper of CLIDE compared controls (p < 0.001); however, there was 232 
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no difference in LCD between NO-CLIDE and controls (p = 0.489). LCD was significantly greater 233 
in CLIDE than NO-CLIDE (p = 0.002).  234 
 235 
DISCUSSION 236 
Langerhans cells are antigen-presenting cells observed in the skin, mucous membranes including 237 
the ocular surface, lymph nodes and spleen. Our understanding of the precise role and Langerhans 238 
cells is evolving;22 they are currently believed to be essential in the processing of antigens presented 239 
through the epithelial surface, and perform as a histocompatibility antigen in order to stimulate T 240 
and B cells.  These cells in turn recruit further inflammatory cells – such as neutrophils, 241 
granulocytes and macrophages – from the surrounding tissues and the blood vessel system, 242 
resulting in an inflammatory response with typical symptoms.22 Activation of Langerhans cells is 243 
therefore an early and sensitive measure of an impending inflammatory process.   244 
 245 
Langerhans cells can be observed in both the central and peripheral cornea23 as well as the bulbar24 246 
and palpebral25 conjunctiva.  They are about 15 µm in diameter and appear in various forms.  247 
Immature Langerhans cells either lack dendrites or have small dendritic processes. Mature 248 
Langerhans cells develop long interdigitating dendrites and can reside alone or form a ‘wire net-like 249 
structure’.23 250 
 251 
Although Langerhans cells are a subset of a broad category of cells known as dendritic cells, studies 252 
of the ocular surface using LSCM have generally referred to dendritic cells as Langerhans cells. 253 
Evidence in the literature suggests that there is a direct correlation between LSCM and 254 
immunohistochemistry observations of dendritic cells in the cornea.26 The expression of 255 
Langerhans cell-specific surface markers by dendritic cells in the corneal and limbal epithelium has 256 
also been reported.27,28 In view of this strong presumption that dendritic cells observed in the cornea 257 
using LSCM are Langerhans cells, we have adopted this term in the present study. 258 
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 259 
Langerhans cells have been demonstrated to be upregulated in the cornea during contact lens 260 
wear.9,11 Efron et al24 have also observed Langerhans cells in the bulbar conjunctiva, but were 261 
unable to differentiate conjunctival LCD between contact lens wearers and non-lens wearers in this 262 
tissue.12  No previous study has attempted to quantify LCD in the lid wiper, or to relate LCD to 263 
contact lens associated dry eye.  264 
 265 
We identified the lid wiper as a candidate tissue for assessing LCD in view of the growing body of 266 
evidence linking lid wiper epitheliopathy with CLIDE and the suggestion of an inflammatory basis 267 
for these conditions.5 Korb et al3 reported that 80% of symptomatic contact lens wearers displayed 268 
lid wiper epitheliopathy versus 13% of asymptomatic contact lens wearers (p < 0.0001).  In a 269 
similar follow-up study, Korb et al5 reported that 76% of symptomatic contact lens wearers 270 
displayed lid wiper epitheliopathy versus 12% of asymptomatic contact lens wearers (p < 0.0001).  271 
Pult et al29 found lid wiper epitheliopathy grading scores to be significantly increased in in 23 272 
symptomatic versus 38 asymptomatic contact lens wearers (p < 0.03), and reported that the positive 273 
and negative predictive values for diagnosing lid wiper epitheliopathy were 53.1% and 81.1%, 274 
respectively.  Berry et al30 reported that lid wiper epitheliopathy was more prevalent among 19 275 
symptomatic versus 31 asymptomatic contact lens wearers (p < 0.035).  Yeniad et al31 found that 276 
67% symptomatic versus 32% of asymptomatic contact lens wearers showed lid wiper 277 
epitheliopathy (p < 0.03). 278 
 279 
Of the 60 participants who were entered into the contact lens arm of this study – all of whom were 280 
pre-screened to ensure that they were free of dry eye symptoms at baseline – 25 (42%) developed 281 
CLIDE after one week. This observation is broadly consistent with previous studies which report a 282 
prevalence CLIDE of between 28 and 50%.1 The fact that five participants discontinued as a result 283 
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of contact lens discomfort from CLIDE versus only one from NO-CLIDE and none from the control 284 
group, was not unexpected in view of the very nature of the assigned groups.  285 
 286 
The present study has demonstrated CLIDE is associated with an upregulation of Langerhans cells 287 
in the lid wiper compared with both non-lens wearers (controls) and asymptomatic lens wearers 288 
(NO-CLIDE). This upregulation could be explained by mechanical trauma to the lid wiper 289 
epithelial cells, brought about by insufficient lubrication between the lid wiper and anterior lens 290 
surface during blinking in a tear-deficient ocular environment.3,5,32 It has been shown that the shear 291 
stress between the lid wiper and contact lens surface is greater than that between the lid wiper and 292 
the conjunctiva and cornea,3,5,33 and this sheer stress is likely to be further exacerbated in a tear 293 
deficient eye. The increased frictional stress could serve as a trigger for Langerhans cell recruitment 294 
in the lid wiper to ward off the noxious mechanical stimulus.  295 
 296 
The strengths of this study are that this experiment was conducted on a carefully characterized 297 
cohort in respect of those with and without CLIDE, as well as a contemporaneous control group of 298 
non-lens wearers. Experimental bias was minimized by masking the operator assessing LCD from 299 
the clinical status of the participants.  All participants wore the same lens type for the same length 300 
of time, thus excluding these as possible confounding variables.  The experiment was sufficiently 301 
powered to detect differences in LCD between the assigned groups.    302 
 303 
This study has a limitation related to the gender imbalance of CLIDE and NO-CLIDE versus the 304 
controls, which may have confounded comparisons between those groups if significant gender 305 
differences exist in the parameters assessed in this work.  306 
 307 
The limitation of LSCM for unambiguously identifying the observed bright features in LSCM 308 
images as Langerhans cells is another weakness, notwithstanding the histochemical studies 309 
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discussed above which strongly suggest that these dendritic cells are Langerhans cells.26-28 310 
Immature forms of Langerhans cells, which have short or absent dendrites, could be misidentified 311 
for other inflammatory cells types known to reside in ocular surface tissues, such a monocytes and 312 
polymorphs. Even if these bright features which we have identified as Langerhans cells are some 313 
other cell type involved in the immunologic cascade of events, our conclusions are essentially 314 
unaltered because our observations support the overriding principle of inflammatory cell 315 
upregulation in CLIDE. Misidentification of other similar tissue structures as Langerhans cells 316 
would constitute a random error that would manifest without bias across all groups 317 
 318 
Although the use of only one lens type limited data variability, this approach precluded examination 319 
of the impact of different surface characteristics (e.g. lubricity and wettability).  The study was 320 
limited to six months, so the impact of longer periods of lens wear is unknown. Given that five 321 
participants discontinued as a result of contact lens discomfort from CLIDE versus one from NO-322 
CLIDE and none from the control group, our results may underestimate to full extent of Langerhans 323 
cell upregulation in the lid wiper in CLIDE. 324 
 325 
In conclusion, CLIDE is associated with upregulation of Langerhans cells in the lid wiper, which 326 
suggests an inflammatory basis for this condition. As well as offering new insights into the 327 
pathophysiology of the ocular tissues in response to contact lens wear, assessment of LCD using the 328 
LSCM offers the opportunity of monitoring the inflammatory status of the lid wiper to different lens 329 
surfaces, and in this way may assist clinicians who have access to this technology, as well as the 330 
contact lens industry in developing contact lenses with material characteristics that are less 331 
physiologically challenging to the eye and afford greater levels of comfort.  332 
 333 
 334 
 335 
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TABLE 1 419 
Demographic and clinical data from the 24W visit of the three study groups subjected to lid wiper 420 
examination. 421 
 422 
Parameter CLIDE 
(A) 
NO-CLIDE 
(B) 
Control 
(C) 
A v B A v C B v C 
Male/Female  (n) 15/12 8/21 17/4 0.98* 0.001* <0.001* 
Age (yr) 28.1 ± 5.9 31.2 ± 9.3 30.3 ± 8.0 0.15† 0.28† 0.72† 
DCLWT (h) 8.3 ± 3.9 9.8 ± 3.9 ― 0.38† ― ― 
DEQ-5 (0-22) ― ― 2.2 ± 2.3 ― ― ― 
CLDEQ-8 (0-37) 19.6 ± 9.0 10.6 ± 6.2 ― <0.001† ― ― 
NITBUT (s) 9.7 ± 5.9 11.0 ± 4.7 10.0 ± 4.3 0.12+ 0.87+ 0.52+ 
CFS (0-4) 1.0 ± 0.8 0.7 ± 0.6 0.3 ± 0.4 0.17+ 0.01+ 0.13+ 
PRTT (mm/20s) 9.4 ± 4.9 16.8 ± 8.4 18.8 ± 7.7 0.003† <0.001† 0.38† 
DCLWT, daily contact lens wear time; DEQ-5, dry eye questionairre-5; CLDEQ-8, contact  423 
lens dry eye questionairre-8; NITBUT, non-invasive tear break-up time; CFS, corneal  424 
fluorescein staining; PRTT, phenol red thread test; CLIDE, contact lens-induced dry eye;  425 
NO-CLIDE, no contact lens-induced dry eye. 426 
Results are expressed as mean ± SD, or counts for categorical variables. 427 
Significant differences (p < 0.05) are shown in bold. 428 
*χ² test. 429 
† Independent sample t-test. 430 
+ Mann-Whitney U test.  431 
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Figure legends 432 
 433 
 434 
Figure 1 View captured from side-mounted CCD camera of Heidelberg LSCM while imaging 435 
the lid wiper.  The upper section of the plano face of the Perspex Tomocap (a) gently 436 
applanates the lid wiper (b).  The Tomocap does not contact the exposed tarsal 437 
conjunctiva of the everted upper lid (c), eye lashes (d) or brow (e). 438 
 439 
Figure 2 Flow diagram of study. 440 
 441 
Figure 3 LSCM image of Langerhans cells in the stroma of the lid wiper.  Thick arrows 442 
indicate mature Langerhans cells with long dendrites.  Thin arrows indicate 443 
immature Langerhans cells with short or absent dendrites.  This image was captured 444 
at a depth of 43µm from the epithelial surface. 445 
 446 
Figure 4 Langerhans cell density (LCD) in the lid wiper of CLIDE, NO-CLIDE and control 447 
participants.  Bar indicates mean. 448 
 449 
 450 
 451 
ab
c
de
Figure 1
Screened
n = 110
Enrolled
n = 92
Reason for non-inclusion:
9 personal decision 
5 dry eye
3 taking medications
1 conjunctivitis
Contact Lens Wear
n = 60
Reason for non-assignment:
5 CL intolerance
4 lost to follow-up
Control
n = 23
NO-CLIDE
n = 35
CLIDE
n = 25
Control
n = 20
NO-CLIDE
n = 29
CLIDE
n = 17
Reason for 
discontinuation:
2 personal decision
1 lost to follow-up
Reason for 
discontinuation:
3 personal decision
1 CL discomfort
2 lost to follow-up
Reason for 
discontinuation:
5 CL discomfort
3 lost to follow-up
1w 1w 1w
24w 24w 24w
Figure 2
50µm
Figure 3
	  	  
	  
C o n tro l N O -C L ID E C L ID E
0
10
20
30
40
L
C
D
 (
c
e
ll
s
/m
m
2
)
	  
	  
	  
p=0.002 
p<0.001 
Figure 4
